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SUMMARY

The aim of this study was to investigate the effect of prematurity, neonatal sepsis, respiratory distress

syndrome (RDS) and perinatal asphyxia on monocyte HLA-DR expression of neonates using a flow

cytometric method based on monocyte negative selection. The subjects were one hundred and thirty-one

neonates (59 healthy, 44 septicaemic, 20 with RDS and eight with perinatal asphyxia) and 20 healthy

adults. Monocyte HLA-DR expression was measured using one-colour HLA-DR labelling in a gate for

monocytes obtained using the combination of CD3-CD19±PE/CD15±FITC MoAbs. In addition, the

common dual staining method using MoAbs against two CD14 epitopes (TUK4, MO2) was evaluated.

With the one-colour HLA-DR labelling higher purity and recovery values of monocytes were achieved

than with the dual labelling method. Healthy neonates had significantly lower percentages of HLA-DR1

monocytes than adults (69 ^ 13% versus 91´5 ^ 2´5%) and comparable mean fluorescence intensity

(MFI) (119 ^ 25 versus 131 ^ 26). Values did not differ significantly between healthy term and

preterm neonates. Preterm neonates with RDS had a significantly lower percentage of HLA-DR1

monocytes than the healthy preterm neonates. In neonates with asphyxia both parameters were

comparable to those of the healthy ones. Septicaemic neonates presented significantly lower values of

both parameters than the healthy, RDS and asphyxiated neonates. Monocyte negative selection provides

a reliable estimation of HLA-DR expression on monocytes. Expression of monocyte HLA-DR is lower

in healthy neonates in comparison with adults and is further decreased in neonates with sepsis and RDS,

but it is not influenced by prematurity and perinatal asphyxia.
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INTRODUCTION

The monocyte/macrophage system is involved in acute and

chronic inflammatory reactions, playing a major role in host

defence. The main functions of monocytes, namely phagocytosis,

antigen presentation and production of cytokines, are mediated by

certain surface molecules, such as Fc receptors for IgG,

complement receptor CR1, b2-integrins, CD14, IL-2 receptor

and MHC class II HLA-DR molecules [1]. Surface expression of

the above molecules reflects the activation state of these cells. Of

the molecules expressed on monocytes, HLA-DR allows antigen

presentation to T cells and is crucial for the initiation of the

immune cascade during sepsis [2]. Monocyte expression of HLA-

DR has been found to be decreased in adult sepsis [3±6] and has

been proposed as an indicator of septic complications after major

surgery or trauma [5].

Diagnosis of sepsis in neonates, especially preterm and the

sick neonates receiving intensive care, is difficult because the

symptoms are often subtle and non-specific and the haematolo-

gical parameters currently used have only suggestive value [7].

For this reason, certain immunological parameters have been

evaluated as early indicators of neonatal sepsis demonstrating

varied accuracy [7±10]. So far, monocyte HLA-DR expression

has only been studied in healthy term neonates [11±15], and data

from preterm and septic neonates are very limited [15, 16]. This

immunological marker is easily assessed using flow cytometry,

which gives results within 2 h and requires only a small volume of

blood, and thus, measurement of monocyte HLA-DR expression

could be a valuable tool for early diagnosis of neonatal sepsis.

However, there are certain non-infective neonatal pathological

conditions, such as respiratory distress syndrome (RDS) [17],

bronchopulmonary dysplasia (BPD) [18, 19] and perinatal
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asphyxia with consequent brain damage [20±22], in which an

acute inflammatory reaction involving activated monocytes/

macrophages plays an important pathogenic role. The effect of

these conditions on monocyte HLA-DR expression should there-

fore be more extensively investigated before it can be safely used

as an additional marker of sepsis in neonates.

Monocyte HLA-DR expression is currently measured by flow

cytometric methods using specific MoAbs against monocyte

surface molecules. In most studies anti-CD14 MoAbs have been

used to identify monocytes [1, 3, 4, 14, 15, 23±25]. However, it is

well known that anti-CD14 MoAbs identify only a subset of

peripheral blood monocytes [26±30], the proportion of which

varies in sepsis [31], so that CD14 positivity alone cannot

accurately identify the entire monocyte population in a blood

sample.

The aims of this study were, first, to evaluate a monocyte

gating policy based on monocyte negative selection compared

with the conventional dual staining method and, second, to

investigate the effect of prematurity, neonatal sepsis, RDS and

perinatal asphyxia on the monocyte activation state. For this

purpose monocyte HLA-DR expression in 20 healthy adults was

measured using both the conventional dual staining and the

monocyte negative selection methods. Subsequently monocyte

negative selection was applied to measure HLA-DR expression in

healthy term and preterm neonates and in neonates suffering from

sepsis, RDS or asphyxia.

PATIENTS AND METHODS

Studied population

Patients. Seventy-two neonates suffering from sepsis, perinatal

asphyxia or RDS were classified into four groups: the group of

term septicaemic neonates (n � 11), the group of preterm

septicaemic neonates (n � 33), the group of asphyxiated

neonates (n � 8) and the group of neonates with RDS (n � 20)

(Table 1). Of the 44 septicaemic neonates, 37 had proven sepsis

(positive blood cultures) and seven had probable sepsis (clinical

and laboratory findings suggestive of sepsis, but negative blood

cultures). None of the neonates with asphyxia or RDS had any

evidence of sepsis at the time of blood sampling. Exclusion

criteria included evidence of congenital infection, major

congenital malformations, immunotherapy received prior to

blood sampling and absence of parental consent.

Controls. Fifty-nine healthy neonates who served as control

subjects were categorized into four control groups, each one

matching with a group of sick neonates with respect to gestational

age, birth weight and age at sampling (Table 1). The protocol was

approved by the ethical committee of the study Institution and

informed consent was obtained from all parents prior to blood

sampling.

Peripheral blood samples (0´4 ml) were collected within 24 h

of birth from neonates with RDS and asphyxia. In septicaemic

neonates sampling was performed at the time of suspicion of

sepsis, which ranged from 4 to 30 days of life (Table 1). The age

of the healthy neonates who constituted the corresponding control

group ranged from 1 to 32 days (Table 1).

Blood samples obtained from 20 healthy adult volunteers (10

males and 10 females, aged 25±50 years) were used to evaluate

the monocyte negative selection method against the dual staining

method.

Monocyte HLA-DR measurement

Repetitive measurements were performed on blood samples

obtained from the 20 healthy adults by flow cytometry using

both the conventional dual staining method described by Hershman

et al. [4] and a monocyte negative selection method. Both

methods were performed in whole blood samples collected in test

tubes containing K3EDTA. After staining with MoAbs, hypotonic

erythrocyte lysis was achieved using the Ortho Mune Lysis

Reagent (Ortho Diagnostics, Westwood, CA). Two flow cyto-

meters were used for immunophenotyping of all samples tested:

the Coulter Epics XL (Coulter Electronics, Hialeah, FL) and the

Ortho Cytoron Absolute (Ortho Diagnostics). Isotype-matched

fluorochrome-conjugated MoAbs were used as controls to assess

the non-specific binding and to set the threshold between

positively and negatively stained cell populations.

In the conventional method, samples were concomitantly

stained with both anti-CD14 and anti-HLA-DR MoAbs. Anti-

CD14 MoAbs directed against various different epitopes of the

molecule and conjugated with different fluorescent stains (TUK4±

FITC, TUK4±PE (Dako, Glostrup, Denmark), MO2±FITC,

MO2±PE (Coulter Immunology, Hialeah, FL) were used in

combination with the appropriate (FITC or PE) anti-HLA-DR

MoAb (Immuno Quality Products, GroÈningen, The Netherlands).

Cell surface antigen expression on monocytes was determined by

incubating 100 m l of whole blood with 10 m l of the appropriate

MoAb at room temperature for 15 min. The antibodies used in the

conventional method were conjugated alternatively with FITC and

PE in order to assess the possible effect of steric hindrance or

quenching phenomena. In the dual staining method (synchronous

two-colour fluorescence analysis) parameter settings of forward

light scatter and right-angled side scatter were selected to separate

the monocyte populations. The percentage of monocytes co-

expressing CD14 and HLA-DR was considered to represent HLA-

DR monocytes. The monocyte recovery value was determined by

dividing the CD141 cells of the monocyte scatter gate by the

CD141 cells of a larger monocyte scatter gate. The quotient was

then multiplied by 100.

In the negative selection method, monocytes were isolated for

the HLA-DR measurements, not only from their scatter

Table 1. Mean (^ s.d.) gestational age (GA), birth weight (BW), age at

blood sampling and sex distribution of the groups of neonates studied

n

GA

(weeks)

BW

(g)

Age

(days)

Sex

(M/F)

Septicaemic term 11 39 ^ 1 3184 ^ 794 6 ^ 2 3/8

Control group 23 39 ^ 1 3143 ^ 734 7 ^ 1 13/10

P NS NS NS NS

Septicaemic preterm 33 31 ^ 2 1491 ^ 540 9 ^ 7 18/15

Control group 36 32 ^ 2 1710 ^ 443 9 ^ 12 23/16

P NS NS NS NS

Asphyxiated 8 39 ^ 1 3016 ^ 425 1 ^ 0 3/5

Control group 15 39 ^ 1 3152 ^ 905 1 ^ 0 7/8

P NS NS NS NS

Neonates with RDS 20 31 ^ 4 1548 ^ 550 1 ^ 0 13/7

Control group 28 32 ^ 2 1646 ^ 315 1 ^ 0 17/11

P NS NS NS NS

RDS, Respiratory distress syndrome; NS, not significant.
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characteristics but also from the application of the combination of

CD3-CD19±PE/CD15±FITC MoAbs (Dako). In this way, cells

with variable HLA-DR expression, such as B and T lymphocytes

(stained for CD19±PE and CD3±PE, respectively) and granulo-

cytes (CD15±FITC) were excluded. In this context 100-m l

samples were stained for CD3±PE, CD19±PE and CD15±FITC

in the monocyte identification tube, and a further 100-m l sample

was stained for HLA-DR±PE in a separate tube. In the first tube

(monocyte identification tube) monocytes were gated on the basis

of rough forward/side scatter pattern (Fig. 1a) with some spillover

of lymphocytes and granulocytes. Cells obtained from this gate

dimly expressing CD15 but not CD3 and CD19 were considered

to be monocytes (Fig. 1b). Only this `purified' monocyte

population was gated again in a bitmap by the parameters of

forward and side scatter (Fig. 1c) and was saved for the following

HLA-DR determinations. Thus, the percentage of monocytes

expressing HLA-DR from the latter saved bitmap was calculated

in the second tube by one-colour flow cytometric analysis

(Fig. 1c).

In preliminary experiments, CD15±FITC was added to the

HLA-DR staining tube as an intrapanel control marker, in order to

test the consistency of the pure monocyte gate between this latter

tube and the monocyte identification tube. In addition, 20 repeat

preparations and measurements were performed with this method

in three samples with low, three with medium and three with high

HLA-DR monocyte count, in order to assess repeatability.

In the neonates, monocyte HLA-DR expression was measured

using the monocyte negative selection method.

Statistical analysis

Results are presented as means and s.d. anova and paired t-test

analyses were used to compare values obtained by the different

flow cytometric approaches. The unpaired t-test was used to

evaluate the significance of the differences between the groups of

subjects compared.

RESULTS

Clinical characteristics of the neonates studied

The gestational age, birth weight and age at blood sampling of the

four groups of sick neonates and the corresponding control groups

of healthy neonates are shown in Table 1. Microorganisms

isolated from blood cultures from the septicaemic neonates

included Klebsiella pneumoniae (n � 12), Staphylococcus spp.

(n � 9), Fungi spp. (n � 9), Acinetobacter (n � 4), Streptococ-

cus spp. (n � 1), Enterococcus (n � 1), and E. coli (n � 1).

Evaluation of the negative selection monocyte gate and

comparison with conventional flow cytometric methods

Recovery of monocytes, as obtained by the dual staining method,

was extremely low regardless of the CD14 epitope and fluorescent

conjugate used (Table 2). Acceptable recovery (. 85%) was

obtained in a maximum of 50% of the measurements only in the

case of the HLA-DR±FITC/TUK4±PE combination. A dramati-

cally lower recovery rate was observed in all combinations (from

6´6% to 26´6%, depending on the combination).

Significant differences were observed in the percentages of

HLA-DR1 monocytes (Table 3) obtained by the use of the above

MoAb combinations in the blood samples examined (anova,

F � 2´76 and F � 2´18, respectively; P , 0´001), as well as in

the mean fluorescence intensity (MFI) (data not shown). It is of

note that comparison (paired t-test) of the HLA-DR monocyte

counts obtained by the different fluorescence stains (FITC or PE)

labelling MoAb against the same CD14 epitope revealed

statistically significant differences (P , 0´01).

In contrast, the recovery of monocytes as obtained by the

monocyte negative selection method was . 85% for all processed

samples (. 90% for 93´3% of the samples, Table 3). Further-

more, purity values were also highly acceptable (93´3 ^ 5´3%).

(Reporting purity in the case of the dual staining method would be

meaningless, since CD14 which is strongly expressed only on

monocytes was used as a positive marker.)

CD15 expression in the pure monocyte gate was found to be

equivalent in the monocyte identification tube and the HLA-DR

staining tube. The intramethod coefficient variation in multiple

measurements of the same samples was found to be , 5%.

No significant difference (paired t-test, P . 0´05) was

Fig. 1. Illustration of the gating strategy followed in the monocyte

negative selection method. (a) Gating based on monocyte forward/side

scatter properties. (b) A monocyte gate resulting from CD15dim, CD32,

CD192 cells. (c) Gating the previously identified monocytes by their

scatter characteristics (a, b and c obtained from the monocyte identifica-

tion tube). (d) Measurement of HLA-DR monocytes in the previous gate

(HLA-DR staining tube).

Table 2. Monocyte recovery obtained by the methods studied using the

Ortho Cytoron Absolute flow cytometer (Ortho Diagnostics)

Method Mean ^ s.d.

Recovery (%)

Min. Max.

TUK4±FITC/HLA-DR±PE 67´2 ^ 13´4 27´2 90´0

HLA-DR±FITC/TUK4±PE 83´3 ^ 7´7 56´8 95´4

MO2±FITC/HLA-DR±PE 75´1 ^ 11´0 28´6 97´4

HLA-DR±FITC/MO2±PE 80´4 ^ 8´3 35´2 94´0

HLA-DR±PE of the negatively

selected monocyte gate

96´2 ^ 3´0 88´9 100
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observed between HLA-DR monocyte counts obtained from the

two flow cytometers.

Monocyte HLA-DR expression in healthy neonates (Table 4)

The healthy term and preterm neonates did not differ significantly

in either the percentage of HLA-DR1 monocytes (69 ^ 13%

versus 69 ^ 12%) or the MFI (119 ^ 25 versus 126 ^ 28).

Healthy neonates, either term or preterm, had a significantly lower

percentage of HLA-DR1 monocytes than adults (P , 0´0001),

but comparable MFI (Table 4).

Monocyte HLA-DR expression in septicaemic neonates (Table 4)

Septicaemic term neonates had significantly lower HLA-DR1

monocyte and MFI values than the corresponding control group

and the asphyxiated term neonates (Table 4). Values in septicae-

mic preterm neonates were significantly lower than those in the

corresponding control group and the preterm neonates with RDS

(Table 4).

Monocyte HLA-DR expression in neonates with RDS or perinatal

asphyxia (Table 4)

Preterm neonates with RDS had a significantly lower percentage

of HLA-DR1 monocytes than the corresponding control group

(58 ^ 17% versus 69 ^ 13%; P , 0´05), but comparable MFI.

Term neonates with perinatal asphyxia presented values of both

parameters similar to those obtained from the corresponding

control group (Table 4).

DISCUSSION

In flow cytometric monocyte studies, including those involving

septicaemic patients [3, 4, 24±26], the bright expression of CD14

is used as a positive monocyte marker in order to exclude cells

with dim CD14 expression, which are mainly granulocytes.

However, this approach leads to the exclusion of a considerable

number of monocytes weakly expressing this receptor. As early as

1989, Passlick et al. [29] identified a novel subset of monocytes

with low density expression of CD14 and co-expression of CD16.

These CD14dim monocytes, constituting in healthy volunteers

about 13% of the common CD14bright monocytes, were of

considerably lower size with abundant cytoplasm and multiple

cytoplasmic granules. Fingerle et al. [31] reported that the

CD14dim monocytes increase in septicaemic patients while the

CD14bright monocytes substantially decrease the density of this

receptor. It was probably this reduced expression of CD14

antigens on monocytes that was reported to correlate with the

development of major infection and sepsis [32, 33]. Additionally,

the proportion of monocytes detected by CD14 depends on the

particular epitope against which the CD14 MoAb is directed [27,

28, 30]. Hence, the unacceptably low and variable recovery values

observed by the dual staining method in this study came as no

surprise.

Consequently, the results of HLA-DR monocyte studies based

on CD14 positivity alone, especially those proposing this

parameter as a predictive marker of major infection and sepsis,

seem to need some rethinking. The heterogeneity of the

expression of HLA class II antigens in the various monocyte

subpopulations, being significantly higher on CD14dim than on

bright monocytes, renders support to this consideration [29].

Taking into account the metric and biological complexity

influencing monocyte studies, values of HLA-DR monocytes,

such as the ones obtained in this study by the use of the dual

staining method (as low as 68´7 ^ 10´5 in healthy volunteers), are

far from acceptable. In addition, the within sample variation was

inexplicably high not only when using MoAbs against different

CD14 epitopes but also when these were labelled with different

fluorochromes. In contrast, with the use of the proposed monocyte

negative selection method, the HLA-DR monocyte values

obtained showed a very low intramethod variation.

These results seem more convincing in view of the high

monocyte recovery values achieved as well as the highly

satisfactory ability to estimate purity. This was the result of the

use of CD15 as a monocyte marker. CD15 is also expressed on

granulocytes, but at much higher density [34], allowing the

construction of a gate which includes all low CD15-expressing

monocytes. Excluding the HLA-DR-expressing T and B lympho-

cytes from the resulting gate, a `purified' monocyte population

can be defined. It is of note that through this flow cytometric

approach to identifying monocytes many antigens other than

HLA-DR can be reliably measured for the study of various

Table 4. Mean values (^ s.d.) of the percentage of HLA-DR1 monocytes

and the mean fluorescence intensity (MFI) in adults and the groups of

neonates studied measured by monocyte negative selection

n % HLA-DR1 monocytes MFI

Adults 20 92 ^ 3 131 ^ 26

Septicaemic term 11 40 ^ 15 76 ^ 29

Control group 23 69 ^ 13 119 ^ 25

P ,; 0´0001 ,; 0´0001

Septicaemic preterm 33 40 ^ 15 77 ^ 27

Control group 36 69 ^ 12 126 ^ 28

P ,; 0´0001 ,; 0´0001

Asphyxiated 8 76 ^ 8 138 ^ 28

Control group 15 67 ^ 15 118 ^ 31

P ,; 0´0001 NS

Neonates with RDS 20 58 ^ 17 112 ^ 40

Control group 28 69 ^ 13 126 ^ 30

P ,; 0´05 NS

Additional statistically significant differences: (i) % HLA-DR1 mono-

cytes: adults versus healthy terms, P , 0´0001, adults versus healthy

preterms, P , 0´0001, septicaemic preterms versus respiratory distress

syndrome (RDS), P , 0´001, septicaemic terms versus asphyxiated,

P , 0´0001; (ii) MFI: septicaemic terms versus asphyxiated, P , 0´001,

septicaemic preterms versus RDS, P , 0´001.

Table 3. Percentage of the HLA-DR1 monocytes (mean ^ s.d.) in the

healthy adult samples as obtained by the methods studied using the Ortho

Cytoron Absolute flow cytometer (Ortho Diagnostics)

Method HLA-DR monocytes (%)

TUK4±FITC/HLA-DR±PE 99´2 ^ 0´87

HLA-DR±FITC/TUK4±PE 68´7 ^ 10´5

MO2±FITC/HLA-DR±PE 88´8 ^ 4´6

HLA-DR±FITC/MO2±PE 93´6 ^ 2´4

HLA-DR±PE of the negatively

selected monocyte gate

91´5 ^ 2´5
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pathological situations. Furthermore, a three-colour experiment

would be a more logical way for monocyte negative selection to

be achieved, provided that the appropriately stained MoAbs and

equipment were available. Such an approach would probably

overcome minor problems of the method (i.e. a degree of

overcompensation appearing in Fig. 1).

The use of the monocyte negative selection method on blood

samples obtained from healthy neonates showed that both term

and preterm neonates had a significantly lower percentage of

HLA-DR1 monocytes but similar MFI in comparison with adults.

These results agree with those of earlier studies, which showed

that the percentage of cord blood monocytes expressing the HLA-

DR antigen was lower than that of adult monocytes [11±13],

whereas the intensity of the expression was comparable [15] or

even higher [1] than that of adult monocytes. Analysis of the

results of this study in correlation with gestational age revealed no

impact of prematurity on monocyte HLA-DR expression, a

finding reported also by Kotirama et al. [16].

Regarding the impact of sepsis on monocyte HLA-DR

expression, adult studies showed a significant depression in

trauma and surgical patients [3±6, 26, 35, 36] which was more

severe in those developing septic complications [3, 5] and

associated with the severity and outcome of sepsis [4, 6, 35,

36]. This study shows that sepsis causes a significant decrease in

HLA-DR expression in neonates, similar to that reported in adults.

Data on the response of neonatal monocytes to sepsis in terms of

HLA-DR expression are very limited [15]. El Mohandes et al. [15]

found that in vitro stimulation of neonatal monocytes with

lipopolysaccharide resulted in an enhancement of HLA-DR

antigen expression [15]. These results seem to contrast with the

decreased HLA-DR expression found in the septicaemic neonates

of this study. The discrepancy between the in vitro and in vivo

response of neonatal monocytes to septic stimuli could be

attributed to the release of anti-inflammatory cytokines, such as

IL-10, during sepsis [35±38], or more probably to extravasation

and migration of the activated monocytes into the inflamed

tissues.

Low HLA-DR expression in surgical patients has been

proposed as a marker of septic complications [5]. Before such a

marker can be safely used for diagnosis of septic complications in

sick neonates, the possible impact of certain non-infective

neonatal pathological entities, including RDS and perinatal

asphyxia, on the activation state of monocytes should be more

extensively investigated.

Studies of neonates with RDS demonstrated the major role of

the acute inflammatory reaction in the pathogenesis of the

syndrome itself and its progression to BPD [17±19]. In

bronchoalveolar lavage from neonates with RDS increased

numbers of activated macrophages and increased concentrations

of the macrophage inflammatory protein-1 alpha, IL-1b , tumour

necrosis factor-alpha and IL-8 were found soon after birth and

correlated well with subsequent development of BPD [17, 19]. In

addition, increased expression of HLA-DR was found on

pulmonary macrophages from infants dying of BPD [18]. On

the basis of these data an increased expression of HLA-DR

antigens on circulating monocytes of neonates with RDS would be

expected, considering the fact that these cells virtually constitute

the tissue-resident macrophage replacement pool. However, in this

study the percentage of circulating monocytes expressing the

HLA-DR antigen in the group of neonates with RDS was

decreased in comparison with healthy preterm neonates.

Therefore, it appears that the activation state of peripheral blood

monocytes does not reflect the status of the tissue-resident

macrophages. In addition, the low HLA-DR expression in

neonates with RDS even in the absence of sepsis could limit the

value of this parameter in diagnosing septic complications in this

group of neonates.

The hypothesis of a relationship between perinatal asphyxia

and monocyte activation is supported by experimental animal

studies suggesting that brain ischaemia elicits an acute inflam-

matory reaction in the injured brain involving monocytes,

neutrophils and inflammatory mediators, which may be causally

related to brain damage [20, 21]. Findings from the group of

asphyxiated neonates in this study showed no significant effect of

perinatal asphyxia on monocyte HLA-DR expression.

In conclusion, all the groups of sick neonates included in this

study suffered from pathological conditions in which activated

monocytes play a significant pathogenic role. Thus, although an

increase of monocyte HLA-DR expression would be expected, no

group of sick neonates showed such an increase, whereas in

certain conditions a decrease of these molecules on circulating

monocytes was found. The most probable explanations for this

finding could be a redistribution of monocytes with migration of

the HLA-DR1 monocytes to the injured tissues or activation of

these cells within the tissues by locally produced inflammatory

mediators. The findings of this study suggest that the monocyte

negative selection method provides a reliable estimation of HLA-

DR expression on circulating monocytes. Using this method it was

found that the expression of monocyte HLA-DR in healthy

neonates is lower than that in adults and that it is influenced

neither by prematurity nor by perinatal asphyxia, but is

significantly depressed in neonatal sepsis and RDS.
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